Effect of interfacial properties on the activation volume of adsorbed enzymes.
We have studied the enzymatic activities of α-chymotrypsin (α-CT) and horseradish peroxidase (HRP) that are adsorbed on various chemically modified planar surfaces under aqueous solution. The enzymes were adsorbed on bare quartz, hydrophobic poly(styrene) (PS), positively charged poly(allylamine hydrochloride) (PAH), and negatively charged poly(styrene sulfonate) (PSS). Activation volumes of the enzymes at the aqueous-solid interfaces were determined by using high-pressure total internal reflection fluorescence (TIRF) spectroscopy. Apparently, the pressure response of the adsorbed enzymes strongly depends on the interfacial properties. α-CT can be activated by pressure (increasing enzymatic rate) on negatively charged surfaces like quartz and PSS, whereas HRP is activated by pressure on hydrophobic PS. Corresponding negative activation volumes of -29 mL mol(-1) for α-CT on quartz, -23 mL mol(-1) for α-CT on PSS, and -35 mL mol(-1) for HRP on PS are found. In addition, the absolute activities of α-CT and HRP on quartz, PS, PAH and PSS were determined by UV absorption at ambient pressure. Remarkably, large activities are found on those surfaces that are associated with negative activation volumes. However, Fourier transform infrared (FTIR) spectra collected in attenuated total reflection (ATR) mode do not indicate major adsorption induced conformational changes of the enzymes at any interface studied. Overall, the results of this study show that the activity of immobilized enzymes can largely be enhanced by the right combination of adsorbent material and applied pressure.